Granular cell tumors (GCT's) in rats occur spontaneously in or adjacent to the meninges of the cranial ~avity.~.'-~ Although the term granular cell meningioma has been recently used for this tumor,' its histogenesis is uncertain. Our previous report on spontaneous meningeal tumors in rats suggested that the GCT is a variant of meningothelial meningioma based on the observation that many meningothelial meningiomas contained cells with eosinophilic granules identical to those in GCT. 8 This report describes immunohistochemical and electron microscopic features of GCT's and meningothelial meningiomas with granular cells.
Sixty-two of the 107 meningeal tumors in our previous report were classified as GCT's and 26 as meningothelial meningiomas. Twenty-one of these meningothelial meningiomas had varying numbers of eosinophilic granular cells identical to those in GCT's. They were diagnosed as meningothelial meningiomas with granular cells (mixed meningiomas). The paraffin blocks of 5 GCT's and 5 mixed meningiomas were obtained from the National Toxicology Program (NTP) Archives (Table 1) for immunocytochemical investigations. Residual formalin-fixed tissues from three GCT's were obtained for electron microscopy (Table 1 ). Brain tissues with these tumors were sectioned at 5 microns and routinely stained with hematoxylin and eosin (HE) and by the periodic acid-Shiff (PAS) reaction. Sections for immunohistochemistry were stained with rabbit anti-human sera and a commercially available immunogold-silver-staining (IGSS) kit (Jannsen Pharmaceutica, Piscataway, NJ) or rabbit anti-goat sera and an avidin-biotin-peroxidase complex (ABC) kit (Vector Laboratories, Burlingame, CA). Antisera to keratin, glial fibrillary acid protein (GFAP) (Dako Corporation, Santa Barbara, CA), and S-100 protein (HSC Research Development Corporation, Toronto, Canada) were used at dilutions of 1 : 3,000, 1 : 1,600, and 1 : 48,000, respectively, with the IGSS kit in overnight incubations with the primary antisera. The remaining steps were performed in accordance with procedures described by Springall et a1.I0 Vimentin (ICN, Elkhart, IN) was used at a dilution of 1: 300 with the ABC kit. The procedures described by Hsu et a1.6 were followed for the remaining steps. One millimeter cubes of formalinfixed tissue obtained from the three GCT's were transferred to Fowler's fixative) before post-fixing in osmium for electron microscopy, then routinely processed and embedded in Epon. Ultrathin sections were stained with uranyl acetate and lead citrate, and examined with a transmission electron microscope.
GCT's were comprised of sheets or nests of closely packed, large polygonal cells with vesicular nuclei and small cells with scanty cytoplasm and dense nuclei. Large polygonal cells were the predominant cell type and had pink granular PASpositive cytoplasm and a distinct cytoplasmic boundary (Fig.  1 ). The number of PAS-positive granules in the cytoplasm varied (Fig. 2) . Occasional cells of this type were negative for PAS. The meningothelial meningiomas with granular cells (mixed meningiomas) had a lobulated arrangement of solid cellular masses containing two types of cells. Meningothelial cells predominated and were epitheloid or elongated with abun- dant, homogeneous, eosinophilic cytoplasm, and a large, vesicular, round to oval nucleus with one or two prominent nucleoli (Fig. 3 ). These cells usually had a distinct cell border. The second cell type was elongated with sparse cytoplasm and a small oval to elongated nucleus with dense chromatin. PAS-positive cytoplasmic granules identical to those in the GCT's were seen in the meningothelial cells, especially in the peripheral portion of the lobules (Fig. 4) .
Normal arachnoid cells in the meninges adjacent to all the tumors stained positively for vimentin ( Table 2 ). In GCT's, both small cells and large cells without granules were strongly positive for vimentin ( Fig. 5) , while large granular cells were weakly positive. Similarly, in meningiomas, small cells and meningothelial cells in the central portion of the lobules were strongly positive (Fig. 6 ), while granular cells in the periphery were weakly positive. All tumors were negative for keratin, while epithelia of the skin and hair follicles in control tissues were positive. Tumor cells in GCT's and mixed meningiomas were negative for GFAP and S-100 protein, while normal astrocytes in brain tissues near these tumors exhibited intense staining for both of these markers.
Three GCT's examined ultrastructurally were composed of two cell types, granular cells and filamentous cells. Granular cells were the most frequent cell type and were filled with variably sized heterogeneous membrane-bound dense bodies originating from lysosomes (Figs. 7,8 ). Multivesicular bodies, empty vacuoles, mitochondria, inconspicous rough endoplasmic reticulum, and a small number of fine intermediate filaments were also seen. These cells had oval to slightly irregular, large nuclei with a relatively narrow rim of heterochromatin and prominent nucleoli. Filamentous cells contained abundant fine intermediate filaments in their cytoplasm (Table 2) , short cisternae of rough endoplasmic reticulum, mitochondria, and an indistinct Golgi complex (Fig.  8 ). Nuclei were similar to those in the granular cells or were small and dark. Small numbers of dense bodies identical to those in the granular cells were sometimes present in the filamentous cells. The granular and filamentous cells were closely apposed to each other and desmosomes (macula adherens) were frequently observed between the cell membranes of adjacent cells (Figs. 7, 8 ). The presence of these desmosomes was a salient feature of the GCT's. Basement membranes were not found around the neoplastic cells.
The intermediate filaments observed ultrastructurally in the filamentous cells of the GCT's are believed to be vimentin, since the corresponding cells observed by light microscopy were strongly positive for vimentin. We therefore consider meningothelial cells in the central portions of the lobules of mixed meningiomas to be the same as the filamentous cells in GCT's.
The present findings confirm previous reports of ultrastructural features of rat GCT'S~.~ and negative immunohistochemical staining for S-100 and GFAP in these tu-mor~.'.~ Desmosomes, intermediate filaments, and positive staining for vimentin have not previously been reported in rat GCT's and provide evidence of the origin of these tumors. An astrocytic origin is unlikely because rat GCT's do not stain for GFAP or S-100 protein. Normal arachnoid and Schwann cells are both positive for vimentin and also have desmosomes. Schwann cell tumors in the rat are positive for S-100 protein4 and have basement membrane material on their external surface, I therefore, the absence of these features in rat GCT's makes a Schwann cell origin unlikely. Immunohistochemical features of rat GCT's and meningothelial meningiomas reported here and the presence of desmosomes and intermediate filaments in the GCT's are consistent with an origin ofboth tumor types from meningeal arachnoid cells.
